The v 3 fundamental of diazomethane. which essentially corresponds to a symmetric methylene deformation has been reinvestigated at a resolution of 0.07 cm -1 . The J-and ^-structures of this A-type band have been resolved and analysed for the first time. The rovibrational assignment is given and, using Watson's S-reduced Hamiltonian, the rotational and quartic centrifugal distortion constants could be determined for the first excited vibrational state of the symmetric methylene deformation.
I. Introduction
Diazomethane is one of a group of isomers of which the structures are given in Figure 1 . The most stable isomer of this group is cyanamide, which has been detected in interstellar space [1, 2] and which is regarded as a precursor in prebiotic chemistry [3] , For this reason it is desirable to obtain high resolution spectroscopic data of as many of these isomers as possible in order to investigate their possible role in cosmochemistry. In recent work carried out in our laboratory we have studied the millimeter wave spectra of isocyanamide [4, 5] and diazirine [6] . Moreover we have investigated the infrared spectra of diazirine [7, 8] , For isocyanamide [9] and diazirine [10] millimeter wave spectroscopic studies of isotopically enriched samples are also in progress.
Although diazomethane is widely used in preparative and analytical chemistry, little is known about the spectroscopical properties of this extremely explosive compound. There are numerous infrared investigations at low or medium resolution, which were made about twenty years ago [11] [12] [13] [14] [15] [16] [17] , The first high resolution spectrum [18] was observed in the microwave region. The rotational spectrum has been investigated further in the millimeter wave region in our laboratory [19] . In this context we have started again the infrared spectroscopical study of this compound. For the first time we have been able to resolve and analyse the rotational structure.
including both the J and the /^-structure, in two of the fundamental bands. In this paper we report the rovibrational analysis of the v 3 fundamental band which essentially corresponds to the symmetric methylene deformation (see Table 1 ). In a following paper we shall report the analysis of the v 2 band [20] ,
II. Experimental Procedure
The chemical preparation has been described elsewhere [19] . In handling the H 2 CNN sample we avoided the transition from the liquid to the solid phase, with the result that no explosions took place. In order to condition the 10 cm glass cell it was filled several times with a few mbar of diazomethane. The resulting polyethylene film on the glass walls and the KBr-windows prevented rapid decomposition of diazomethane. The mid infrared spectrum of diazomethane at 13 mbar was recorded with a Digilab Fourier transform spectrometer FTS20B, which was purged with dry nitrogen. A MCT detector, cooled with liquid nitrogen, was used to detect the interferograms. In order to obtain a good signal to noise ratio at 0.07 cm -1 resolution 400 interferograms were coadded and Fourier transformed. The resulting spectrum has been calibrated with DBr lines recorded under the same conditions [21] .
III. Analysis
A survey spectrum of v 3 , which is an A-type band, is shown in Figure 2 . Diazomethane is a near prolate asymmetric top (x = -0.996). On the right hand side of Fig. 2 the P-branch shows a characteristic pattern, whereas the R-branch on the left hand side is more compressed and does not exhibit such regular structure. The starting point for the analysis was the assignment of the Q-branches, which are well separated due to a large change in the rotational constant A. Figure 3 shows the band center region with the Q-branches and the beginnings of the P-and R-branches. Due to the C 2v symmetry of the molecule the Q-branches show intensity alternation. We were finally able to assign rovibrational transitions in the P-and R-branches up to J = 45 and K a = 7. For this slightly asymmetric top only the asymmetry splitting of the K a = 1 lines could be ".£'9 U16 U13 U10 cm" resolved. In Fig. 3 Since the millimeter wave measurements [19] are much more precise than the present infrared measurements the rotational and centrifugal distortion constants of the ground vibrational state were taken from the analysis of those measurements and held fixed during the least squares analysis. The rotational and quartic centrifugal distortion constants have been determined for the excited state from the 321 rovibrational transitions which are listed in Table 2 . Due to the limited resolution many blended lines could be assigned to several rovibrational transitions. Consequently, these transitions have been weighted in such a way that the total weight of each line position is unity in the fit. The standard deviation a of the fit was 0.011 cm -1 which is about one sixth of the resolution at which the Table 2 . Observed rovibrational transitions (wavenumbers/cm ') and assignment for the v 3 fundamental of diazomethane. Fig. 4 . Comparison of the simulated with the observed spectrum at the band center region of the v 3 band of diazomethane. The computed spectrum was obtained from the molecular constants given in Table 3 . Table 3 . 6 . Simulation of the R-branch region of the v 3 band of diazomethane. The computed spectrum was obtained from the molecular constants given in Table 3 . spectrum was recorded. The resulting rotational and centrifugal distortion constants are listed and compared with the ground state constants in Table 3 .
In order to confirm the assignment the adjusted molecular parameters given in Table 3 were used in calculating the transition wavenumbers and relative intensities, thus providing the basis for a simulation of the observed spectrum. Figure 4 shows the band center region with the beginning of the P-and R-branches, the lower trace being the observed spectrum and the upper trace the simulated spectrum. Considering the fact that no hot bands have been assigned the theoretical spectrum simulates the observed one very well. In Fig. 5 the characteristic pattern of the P-branch is well reproduced, whereas in the R-branch (Fig. 6 ) the main features of the observed spectrum are in reasonably good agreement with the prediction. The rovibrational assignment of this band has thus been demonstrated.
IV. Conclusions
From the rovibrational analysis of the A-type v 3 band of diazomethane the rotational and quartic centrifugal distortion constants were determined for the first excited vibrational state of the symmetric methylene deformation. Comparing these molecular parameters with those of the ground vibrational state in Table 3 we see that the rotational constant A and the distortion constant D K are significantly increased upon excitation of this vibration, whereas the rotational constants B and C are only slightly modified. Furthermore the distortion constants Dj and D JK are increased. In a previous study [14] , in which only the ./-structure of this fundamental could be resolved, only the effective rotational constant (B + C)/2 and the band center v 0 could be obtained. In our work the value for the band center has been refined from 1414.3 cm -1 [14] to 1413.330 cm -1 due to better resolution and a correct rovibrational assignment.
